The shrinkage temperature of collagen is related to its stability. When shrinkage takes place, it is thought that the hydrothermal agitation at this temperature is sufficient to overcome the forces, chiefly hydrogen bonds, which hold together the polypeptide chains. When stability is reduced by removal of hydrogen bonds with hydrogen bond breakers or by chemical damage, less energy is required to force the chains apart and so the shrink temperature is reduced. This is also paralleled by reduced resistance to the action of trypsin-like enzymes. Conversely, the introduction of new cross links into collagen, as in tanning, will increase enzyme resistance and the shrink temperature.
The different forms of collagen, soluble and insoluble, which occur together in native collagen, vary somewhat in their stability. Banga, Bal6, and Szab6 (1956) have suggested that the soluble has a stabilizing effect on the insoluble. In addition, polysaccharides and non-collagen proteins are concerned in the biogenesis of collagen fibres and their development into fully mature collagen (Bowes and Kenten, 1950; Partridge, 1948; Jackson, 1953) . These constituents, always present in intimate association with native collagen, are probably important in determining the final stability and low turnover rate characteristic of fully mature collagen. It was therefore thought of interest to examine the shrink temperatures of human tissues of different ages to ascertain whether there were any age trends, and, if so, to correlate them with those changes in the various constituents which are known to take place with development and ageing. Further, since collagen in the uterus is rapidly deposited during pregnancy and rapidly absorbed after parturition (Harkness and Harkness, 1954) , a feature which distinguishes this from collagen of other tissues and organs, the shrink temperature of uterine collagen from the uterus of various ages and in pregnancy was therefore of special interest.
In rheumatoid arthritis there is evidence, derived from electron microscopy, x-ray diffraction (Kellgren, Ball, Astbury, Reed, and Beighton, 1951; Kellgren, 1952) , and histological studies (Glynn and Reading, 1956) , that collagen fibres have suffered damage. We therefore thought it desirable to examine this and tissue from other "collagen disease" for any alteration in shrink temperature.
Much of the data on shrink temperature has been derived from species other than man. Further, many experiments have been carried out on such materials as hide powder which have probably become so altered as a result of preparation that the tissue finally examined could hardly be regarded as normal. Small but significant changes in shrink temperatures can occur after relatively mild treatments. Consequently, as far as untreated tissues were concerned, we considered it important to measure their shrink temperatures as soon as possible after collection, avoiding any pre-treatments such as washing, solvent extraction or prolonged storage. Also, since comparatively few observations have been made on human tissue, and since some of the data on non-human tissue are unreliable for reasons already mentioned and sometimes conflicting, a number of problems, such as the effect of hydrogen bond breakers were re-examined using fresh human tissue. For a few experiments, animal tissue was also used.
We have chosen normal saline in which to measure shrink temperatures since this appeared to be appropriate physiologically. It was found that the shrink temperature in saline was lower than that in water and was identical for different fibres in any given specimen. It was necessary to carry out shrink temperature measurements in a microapparatus when dealing with biopsied tissue available in only small amounts, and this method was used in most of the experiments described here. (b) Micro Method.-Small fibres teased out from the tissue immersed in physiological saline were allowed to rise up a capillary melting point tube, one end of which was then sealed. The tube and contents were placed in the micro-melting point apparatus (Gallenkamp) and the fibres observed under low magnification (x60). By means of a rheostat in the circuit, the voltage applied across the heating element could be controlled up to a maximum of 6 volts. In this way, the heating was suitably controlled so that the rise of temperature was never greater than 20 C. per minute. Temperatures at which fibres started and finished shrinking were recorded. These are designated Ts, and Ts2 respectively, and Ts refers to the complete range of shrinkage (Ts, to Ts2). All temperatures are expressed in 0C.
(2) Analyses (a) Nitrogen was estimated by the permanganate modification of the micro Kjeldahl method (Beet, 1955) .
(b) Hydroxyproline was estimated in hydrolysates according to the method of Neuman and Logan (1950) .
(c) Salicylate in extracts was determined by the method of Trinder (1954) .
(d) Fluorescence in Ultra-Violet Light was observed macroscopically under the high-pressure mercury lamp (Hanovia Model XI) with Woods glass filter.
(3) Materials (a) Tissues.-Human tissue obtained at autopsy or at operation was examined in most cases immediately after collection, and, occasionally after being kept overnight at 0-4' C. Overnight storage at this temperature had no effect on the shrink temperature, whereas storage at -20°C. caused a lowering of as much as 4°C. in the Ts, of many of the specimens.
Apart from uteri, dura mater or fascia lata were used in all comparative work, as in any one individual these had a similar shrink temperature, and, except where indicated, all tissues were from patients not suffering from any "collagen disease".
(b) Acid Soluble Collagen was prepared by salt precipitation of citrate extracts of rabbit skins, based on the method described by Bowes, Elliott, and Moss (1955 Tissue (Ts 51-60 C.) was treated with 2M salicylate alone and 2M salicylate containing 10 per cent. NaCI for 4 days. There was little difference in the appearance of both specimens. The Ts after each treatment was identical (27-53°C.) .
These experiments indicate that the presence of strong solutions of electrolytes. which prevent the uptake of water molecules, have little effect on the lowering of Ts by salicylate, and that treatment with strong salt solutions does not lower the Ts of fresh tissue.
(ii) Water Content of Tissue before and after Salicylate Treatment. Three samples of tissues were treated in distilled water I M and 2M salicylate respectively. After treatment the tissues were washed with water, lightly blotted with filter paper, and weighed. They were then reweighed after drying in vacuo over MgCI04. The amount of water in the salicylate-treated tissue was calculated from the increase in weight less the absorbed salicylate.* The results are recorded in Table VII . The amount of water present in salicylate-treated tissue is similar to that present in untreated tissue. (Table VIII) .
by comparison with salicylate under the standard conditions already described (Ila), it had much less effect on Ts. In addition the tissues were left in the salicylate solutions for 5 days at room temperature before measuring Ts in these solutions. The results are shown in Fig. 2 (f) Action of Trypsin on Salicylate-Treated Tissue.
-Two samples of dura mater from a male aged 63 were dried in vacuo over magnesium perchlorate and treated with 2 M and 1 M salicylate respectively for 4 days at room temperature. A third sample was similarly treated with distilled water. The tissues were then removed and washed with water, and the washings were added to their respective supernatants and made up to a suitable volume for analysis. The tissues were then dried, and weighed amounts were incubated with trypsin (Armour 2,820 units/mg.) I mg./ml. in 0 9 per cent. sodium bicarbonate or with bicarbonate alone at 37-C. for 17 hours. After washing as above, supernatants and washings were combined and made to volume. Residues were dried in vacuo. Analyses (N, hydroxyproline, salicylate) were carried out according to the scheme set out below (all weighings were dry weights): Because of the small number of samples, no statistical analysis has been attempted. In general, all the tissues appeared to be similar to the normal tissues (Table IX) . However, in two cases, one of rheumatoid arthritis and one of rheumatic fever, the Ts2, 71' and 72°C. respectively, was much higher than that of any other tissues examined. Both tissues were obtained at biopsy; the former patient was receiving penicillin 300,000 units twice a day and the latter was receiving salicylates. Discussion Shrink Temperature and Stabilizing Cross Linkage. Several types of cross-link are theoretically available to account for the thermal stability of collagen, but it is doubtful whether the majority of these contribute to any great extent. Gustavson (1956a) divides these linkages into directed and non-directed, and of the directed linkages the most important are salt links and hydrogen bonds. Disruption of the salt links by #-naphthol sulphonic acid reduces the Ts by only 14-16c C. (Gustavson, 1956b) , whereas powerful hydrogen bond breakers, such as salicylate, reduce it by as much as 30C C. From this simple computation, it would appear that hydrogen bonds are of much greater importance than salt linkages. The virtual absence of thio-amino acids from collagen excludes the possibility of sulphur bridges playing any significant role. The presence of ester and other linkages has been suggested, but here again, on purely numerical grounds, these are unlikely to make more than a small contribution to the stability of the molecule. The presence of Jackson (1953) , in particular, has emphasized the importance of such substances (e.g. chondroitin sulphate). The marked reduction in Ts of rat tail tendon (Jackson, 1954) following treatment with hyaluronidase or following oxidation with periodate which he observed strongly supports this hypothesis. We, however, have completely failed to confirm these results in similar experiments. The reduction of Ts of 120 C. following treatment with hyaluronidase was less than that observed when similar material was treated in the buffer alone (pH 5 2). Similarly, the marked reduction observed in Ts after periodate treatment was no greater than that of the control material in the buffer alone at pH 4 0. In view of the recent report of Meyer, Davidson, Linker, and Hoffman (1956) that the chondroitin sulphate present in tendon is predominantly Type B, i.e. the variety which contains iduronic acid and is insensitive to testicular hyaluronidase, it is not surprising that the effect of this enzyme is no greater than the buffer alone. The role of the mucopolysaccharides has also been questioned by Courts (personal communication). In his study of the collagen-gelatin transformation, he has shown that, during the liming process, considerable quantities of polysaccharides are removed, but, in the alternative process of acid pretreatment, which also facilitates the transformation to about the same degree, the whole of the mucopolysaccharide remains behind. This, as Courts points out, does not necessarily exclude the polysaccharide from playing a stabilizing role, since it is conceivable that the acid pretreatment might only disrupt one end of the hypothetical polysaccharide bridge.
Comparison of Tables I and II shows an apparent difference in response between human and other mammalian collagen to acid buffers at pH 4. This however, is probably not due to the difference in species but to the different nature of the buffers used. Acetate is known to possess a considerable lyotropic effect, presumably by virtue of its power to rupture hydrogen bonds (Gustavson, 1943) .
With few exceptions, the effect of hydrogen bond breakers on Ts is confined to its influence on the temperature at which shrinkage begins, but has little effect upon the upper limit of Ts. This suggests either that the bonds responsible for stability at the higher temperatures are not hydrogen bonds, or that they are more concentrated in these more resistant regions. They are, nevertheless, moderately thermolabile, since they are apparently disrupted at between 60°and 70 C. Failure of extraction with phosphate buffer at pH 7, or citrate buffer at pH 4, to reduce the Ts (Table II) excludes both the alkali soluble and acid soluble forms of collagen fron the group of important stabilizing agents. Extractions with strong alkali reduced not only the Ts, but also the Ts2, indicating that the bonds responsible for the upper limit of Ts are here also affected in addition to the rupture of hydrogen bonds. It is especially interesting in this regard to note that such treatment extracts a significant proportion of the mucopolysaccharides (Consden and Bird, 1954; Bird and Consden, 1955; Bowes, Elliott, and Moss, 1956) initially present, though it must be admitted that rupture of peptide bonds and loss of amide nitrogen also result from this treatment. The swelling which the tissue undergoes as a result of such strong alkaline treatment far exceeds that which occurs even with the most powerful hydrogen bond breakers, which may be regarded as further evidence for the disruption of other restricting bonds (Bowes and Kenten, 1950) .
Effect on Shrink Temperature of Pretreatment with Salicylate. The potent effect of salicylates on Ts has already been described by Lennox (1949) (Table VIII) . The apparent lack of effect of pretreatment with CaCI2 on the Ts (Table VI) contrasts with the known lyotropic effect of this salt on hide powder (Gustavson, 1956c) . Here again the difference is probably attributable to the denaturation which the collagen has undergone in the production of hide powder.
Further (5) Le collagene humain des sujets ages avait une temperature de contraction appreciablement plus levee que celui des sujets plus jeunes, mais le collagene foetal n'accusait pas de telles variations selon l'age foetal.
(6) La temperature de contraction du collagene uterin etait similaire a celle du collagene foetal ou tres jeune.
(7) Le collagene est generalement fluorescent a la lumiere ultra-violette. Le collagene foetal et uterin pre-menopausique ne l'est pas, mais le collagene utrin devient fluorescent apres la menopause.
(8) La fluorescence a la lumiere ultra-violette du collagene provenant de nodules rhumatismaux est faible; sa temperature de contraction est nettement inferieure a celle du collagene normal.
(9) On discute les facteurs intervenant dans la stabilisat ion du collagene ainsi que les implications biologiques.
Observaciones sobre la temperature de contracci6n del colaigeno y sus variaciones seguin la edad y la enfermedad SUMARIO (1) Se estudi6 la temperature de contracci6n y la digestibilidad por la tripsina del colageno humano y animal antes y despues de ciertos tratamientos.
(2) El efecto del periodato y de la hialuronidasa sobre la temperature de contracci6n no fue superior al de los tapones empleados en el tratamiento. El tap6n de acetato al pH 4.0 o KOH N/5 hacia bajar la temperature de contracci6n, pero los tapones de citrato y de fosfato al pH 4 y 7 respectivamente no tuvieron efecto alguno.
(3) Cuando se trataba los tejidos con quebradores hidrogenados de lazos ye se los lavaba, se obtenia una baja considerable de la temperature de contracci6n. Este efecto fue mas marcado al determiner la contracci6n en soluciones de quebradores hidrogenados de lazos. Entre los reactivos empleados, los dadores de hidr6geno fueron mas eficaces que los aceptadores de hidr6geno; los salicilatos provocaban la baja la mas acentuada. La reducci6n de la temperature de contracci6n fue independiente de toda tumefacci6n provocada.
(4) El tratamiento previo con el salicilato I M, seguido de tripsina, eliminaba virtualmente toda la proteina noncolagena, pero muy poco de colageno. Con el salicilato 2M, seguido de tripsina, casi todo el colageno se veia digerido. No se pudo extraer colageno alguno con el salicilato solo.
(5) La temperature de contracci6n del colageno humano de sujetos de edad avanzada fue apreciadamente mayor que la de sujetos j6venes, pero no hubo tales variaciones segun la edad en el colageno fetal.
(6) La temperature de contracci6n del colageno uterino fue similar a la del colageno fetal o muy joven.
(7) El colageno es generalmente fluorescent a la luz ultra-violeta. El colageno fetal y uterino premenopausico no lo es, pero el colageno uterino se vuelve fluorescent despues de la menopausia.
(8) La fluorescencia a la luz ultra-violeta del colageno de los nodulos reumaticos es muy debil. La temperatura de contracci6n es marcadamente mas baja que la del colageno normal.
(9) Se discuten los factores interviniendo en la estabilizaci6n de colageno asi como las implicaciones biol6gicas.
